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Abstract

Customizing an Enterprise Resource Planning (ERP) system to fit organizational needs is a complex task. Cost, difficulties with 
maintenance and upgrade, and loss of vendor support are just some of the factors that cause customizations to fail. Enterprise 
mashups represent a new way of tailoring an ERP environment in close collaboration with users. We have developed two enter-
prise mashups for a multinational company in the fish feed industry. The paper describes and discusses how organizations may use 
mashup technology to improve their processes by customizing their ERP systems. Our study suggests that the case organization 
indeed has a potential for such improvement.
Keywords: Business Process Improvement, ERP, Enterprise Mash Up

1.  Introduction
Enterprise Research Planning (ERP) made its first serious 
breakthrough in the 1990s. Since then numerous of companies 
world-wide have invested and implemented ERP package solu-
tions. Off-the-shelf ERP software packages bring best practice 
business processes into the organization. However, in many cases 
this leads to a misfit between functionality and existing busi-
ness processes as every organization has its unique way of doing 
things. In the end, the organization faces two options: to custom-
ize the system to reflect their processes or to adapt to the system4.

Customization of ERP has been investigated by several 
authors who, for example, discuss different types of customi-
zation and weigh their benefits and costs. The various types of 
costs, monetary and others, have so far gotten most attention. 
Manpower expenses, maintenance and upgrade difficulties, and 
loss of vendor support are important factors that are known to 
make customization efforts fail. 

In recent years, ERP vendors have started to include web 2.0 
technologies into their products10,11. In 2007, SAP introduced 
Business By Design which – among other things – includes sup-
port for mashup development. In 2011, Infor did the same with 
the introduction of Mashup Designer. In its simplest form, a 
mashup is a combination of different information sources and 
services put together in a single, simple, and user-oriented view. 
The idea is to make customization easy in order to improve user 
experience and efficiency.

The purpose of this paper is to investigate whether and how 
mashup technology can facilitate process improvement by cus-
tomizing ERP systems. We ask: How can mashup technology be 

used improve ERP-based business processes? What benefits can 
be reaped from exploiting mashup technology for business pro-
cess improvement from a user perspective?

 To answer these questions, we have developed two mash-
ups for a multinational organization operating in the fish feed 
industry, using a design science research approach. We have 
focussed on mashuping as a light-weight alternative to more 
complex standard ERP-customization approaches. Because 
mashups belong in the communication layer of the ERP archi-
tecture, the underlying structure of the system is not affected 
by mashup development, which is an advantage if the mashups 
can become independent of future upgrades. Employees in our 
case organization were interviewed both before mashup devel-
opment to identify improvement needs and afterwards to gain 
insights about the mashups in use. The rest of the paper presents  
background (Section 2), research method (Section 3), mashup 
development (Section 4), discussion (Section 5) and conclusions 
(Section 6). 

2.  Background

2.1  BPI and ERP

2.1.1  Business Process Improvement (BPI) 
is an incremental bottom-up enhancement of existing processes 
within functional borders (Davenport, 1993 in Shtub and Karni, 
2010). The Balanced Scorecard Institute (2014, p. 1) considers 
BPI a “focused change in a business process achieved by analyzing 
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the AS-IS process(…), then developing a streamlined TO-BE pro-
cess in which automation may be added to result in a process that 
is better, faster, and cheaper”. Common drivers for BPI are cost, 
time, quality and flexibility (Davenport & Short, 1990; Shtub & 
Karni, 2010), where flexibility is the ability to adapt to variations 
and future needs (Shtub & Karni, 2010). Davenport and Short 
(1990) considers cost an insufficient motivation in itself because 
“excessive attention to cost results in tradeoffs that are usually 
unacceptable to process stakeholders”7. Shtub and Karni (2010)36 
suggest that a BPI effort should ask: What can be modified? Why 
should it be modified? How is it modified?

2.1.2  Enterprise Resource Planning (ERP) 
is to standardize the business processes of an organization using 
comprehensive software package solutions so that the organiza-
tion can bring standard business processes based on best practice 
to its customers. Davenport et al. (2004)6 identify three value 
drivers for realization of ERP value beyond the simple technical 
implementation of a system: integrating, optimizing and inform-
ing. Whereas introducing an ERP package into an organization 
can improve its business processes by bringing it in line with 
current best practice, ERP systems can also hamper BPI because 
they are so complex and closely intertwined with existing (“as-
is”) processes that the processes become too hard and too costly 
to change. ERP complexity can be particularly high if the ERP 
system has been customized to the organization.

2.2  ERP Custimization

2.2.1  ERP customization 
is called for when there is a gap between the functionality offered 
by the standardized off-the-shelf ERP package solutions and the 
needs and requirements of a particular organization (Pollock 
et al., 2003). An important motivation is to provide a better fit 
between the system and the organization’s business processes. 
Because ERP packages are generic by design, some customiza-
tion is always necessary in order to get them up and running 
(Brehm et al., 2001), not least because some organizations may 
not be willing to adapt the ERP system’s processes (Brehm et 
al., 2001). Hong and Kim (2002) note that finding the right fit  
between the ERP system and the business processes is essential 
for a successful implementation. Light (2005) studied reasons for 
ERP customization beyond functional misfit.

Customization should not be done without careful consider-
ation because it has downsides like increased cost, maintenance 
and upgrade difficulties (Hong & Kim, 2002; Pollock et al., 
2003), and loss of vendor support (Brehm et al., 2001). At worst, 
heavy customization can bring down an implementation project 
(Momoh et al., 2010). Pollock et al. (2003) notes that many ven-

dors attempt to minimize customization among their customers 
by only releasing new software versions and upgrades that are 
compatible with the standard system. Light (2001) also empha-
sizes that every customization decision must be weighed against 
the amount of required maintenance, both during daily opera-
tions and in connection with an ERP upgrade. Rothenberger and 
Srite (2009) advocate that customization should only be made 
in rare circumstances, such as “when a business process cannot be 
changed without losing a competitive advantage” (Rothenberger & 
Srite, 2009, p. 8).

When Gupta (2000) surveyed several companies to assess 
ERP implementation issues, one of the identified problems con-
cerned customization, namely the decision about whether to 
customize or not. Customization becomes a problem with major 
upgrades of ERP systems. A new upgrade often results in changes 
to the underlying database. This may in turn affect existing appli-
cation-programming interfaces (API), forcing companies to 
rewrite code to adjust to the changes in the APIs (Gupta, 2000). 

2.3  Types of ERP Customization
ERP systems usually have three layers (Gupta, 2000, Brehm et 
al., 2001): a communication layer that allows for communication 
with users through a graphical user interface (GUI), an applica-
tion layer that embodies application logic and business rules, and 
a database layer for storage and retrieval of data. Customization 
can be performed of all three layers. 

Brehm et al. (2001) presents a typology of nine tailoring 
options, ranging from lower-impact light-weight configuration 
to heavy package-code modifications on various ERP layers. 
“Configuration refers to setting parameters in the package to reflect 
organizational features; modification refers to changing package 
code to perform unique business processes, often resulting in loss 
of vendor support” (Brehm et al., 2001, p. 1). Building on Brehm 
et al’s (2001) typology, Rothenberger and Srite (2009) group 
customizations into three main types: configuration/selection, 
system change, and bolt-ons. Whereas configurations have lit-
tle effect on future upgrades, changes to system code must often 
be redone because they are overwritten by upgrades. Bolt-ons 
are third party packages connected to the system via vendor 
provided APIs. They are primarily used to supplement function-
ality and will not be affected unless the connecting interface is 
changed (Rothenberger & Srite, 2009).

An example of configurations/selections are options and 
parameters. Options allow changing how results appear and 
were preferred by the respondents in Gupta’s (2000) survey over 
heavier customizations. Davenport et al. (2004) note that, unlike 
traditional off-the-shelf software, “(…) ERP packages are generally 
structured so that both data and many procedures are represented 
as parameters in tables (…)” (Brehm et al., 2001, p. 2). By chang-
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ing these parameters organizations are allowed some possibilities 
to ensure a better fit between the system and the business (Brehm 
et al., 2001; Rothenberger & Srite, 2009). Using parameters, an 
organization can set the number of factories or sales offices they 
have and modify the details of how particular processes should 
operate or a process step be carried out. 

In addition to tailoring type, the following tailoring factors 
may affect the impact of tailoring (Brehm et al., 2001): exten-
siveness, number of tailoring types, tailoring quality, changes 
to stored data and its structure, tailoring interdependence, 
independence of upgrades, and organizational complexity and 
geographic dispersion.

2.4  Mashups
In music, mashups are created when artists mix and match music 
to make new songs. In information systems, mashups are likewise 
created when users or developers mix and match information ele-
ments from one or more sources in new ways. Mashuping allows 
faster development of software solutions, encouraging reuse over 
building from scratch (Hinchcliffe, 2008)16. Service components 
and data are combined, visualized and aggregated to create new 
applications (Hoyer et al., 2008)19. Aggregation and linking of 
data can be done in a simple graphical drag-and-drop interface, 
allowing users with no or limited programming skills to build 
their own solutions (Liu et al., 2007). Mashups are a typical 
example of web 2.0 technology, using lightweight programming 
models enabling the users to become the developer. Koschmider 
et al. (2009) propose a framework for classification of mashups 
that asks what, where, how to and from whom to mash up. 

“What to mashup?” categorizes mashups after the type of 
components that are combined or integrated (Koschmider et 
al., 2009). Pahlke et al. (2010) distinguish between: presentation, 
data, functionality and process mashups. A presentation mashup 
– or information portal – retrieves and integrates information 
from different sources with little customization1, often using pre-
defined widgets in a drag-and-drop mashup tool (Pahlke et al., 
2010). A data mashup retrieves, processes, and visualizes data 
from multiple sources (De Vrieze et al. 2009), for example com-
bining maps and business/sales data (Anjomshoaa et al., 2009; De 
Vrieze et al., 20099; Pahlke et al., 2010). A functionality mashup 
combines and integrates data from different sources through 
APIs with the purpose of creating a new service (Koschmider et 
al., 2009; Pahlke et al., 2010). A process oriented mashup focusses 
on user-interface integration, combining data resources, ser-
vices, and business processes into one common representation32. 

“Where to mashup?” characterises mashups by their location. 
A server-side mashup uses resources from a server, whereas a 
client-side mashup uses resources from a client. Most mashups 
combine the two (Koschmider et al., 2009).

“How to mashup?” categorizes mashups depending on how 
resources are integrated or combined. Koschmider et al. (2009) 
distinguishes between extraction mashups, which collect and 
analyse resources from different sources and merge them into 
a single content page, and flow mashups, through which “the 
user customizes the resource flow of the Web page combining 
resources from different sources [...] within the mashup applica-
tion” (Koschmider et al., 2009, p. 3).

«For whom to mashup?» considers the intended users of a 
masup. Koschmider et al. (2009)24 differentiate between consumer 
mashups that are intended for public use and enterprise mash-
ups that are used inside the enterprise. An enterprise mashup 
can tap into corporate IS as well as external sources, for exam-
ple combining internal customer data with Google Maps. This 
allows business users to customize their workspace to individual 
and heterogeneous needs and create situational applications to 
fit a changing business environment (Hoyer et al., 2008). Hoyer 
et al. (2008) present enterprise mashups as an extension to 
Service Oriented Architecture (SOA), which encourages user-
centered development through composition of loosely coupled 
services. SOA provides enhanced efficiency, agility, flexibility 
and productivity but, unlike mashups, SOA may require exten-
sive investments in both hardware and software. Also, SOA does 
not support on-the-fly customization, cannot leverage applica-
tions without a web-service interface, and usually requires highly 
trained SOA developers (Liu et al., 2007).

Mashup development encourages users to take action. Hoyer 
and Stanoevska-Slabeva (2009a) identify user involvement as 
a success factor in developing mashups for an organization. 
Organizations need to get their users to invest time in familiariz-
ing themselves with the technology as well as being willing to use 
it in their daily operational environment (Hoyer & Stanoevska-
Slabeva, 2009a). Hoyer and Stanoevska-Slabeva (2009a)20 suggest 
that business users tend to focus on their daily activities which are 
to solve business problems in their departments, not on exploit-
ing the benefits of new technology advances. The work does not 
stop when the mashup is deployed and taken into use, one must 
also consider maintenance.

2.5  ERP Mashups
Kurbel & Nowak (2013, p. 295) point to modern configuration 
and composition options that go beyond the current state-of-
the-art of ERP customization, such as web services, mashups and 
a business adaption catalogue. The aim is to increase flexibility, 
reduce need for additional programming, and decrease cus-
tomization costs. ERP mashups range from simple presentation 
mashups that can be developed with no or limited programming 
skills (Liu et al., 2007) to complex mashups that build directly 
on the SDKs of vendors such as Infor and SAP. Infor advertises 
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that mashups can be used to tailor their ERP solutions to meet 
individual or company-specific needs. In Infor’s eyes this can be 
accomplished by:
•	 “Putting and grouping together information from several 

sources.
•	 Making new screens using single elements or parts of existing 

applications screens.
•	 Grouping things together with group elements or tabs” 

(Infor, 2014b, p. 2)23 
Kurbel and Nowak (2013) used mashups to customize SAP’s 

on-demand ERP solution which, unlike traditional on-premise 
systems, run on a shared infrastructure in the cloud. Hofmann 
(2008, p. 86) argues that mashups and other web 2.0 technologies 
can shorten the life cycle of ERP systems, which currently aver-
age to fifteen years, letting “smart people script services for special 
purposes” (Hofmann, 2008, p. 88)17. According to Kurbel and 
Nowak (2013)25, introduction of ERP mashuping in an organi-
zaion should involve key users who specialize in the ERP system 
and who have broader access rights than the typical user. 

An ERP mashup has three architectural layers which together 
form the mashup stack: the resource, widget, and mashup layers 
(Hoyer et al., 2008; Hoyer & Stanoevska-Slabeva, 2009b)21. The 
resource layer comprises content, data, or application functional-
ity, each building block with its own context and business logic 
(Liu et al., 2007, p. 4)28. Resource interactions are specified in 
APIs, which provide instructions or standards on how to access a 
service – create, read, update and delete are common operations. 
The widget layer provides a graphical face to the resources to 
hide their technical nature. Widgets are connected to resources 
through their APIs. They represent information and functions 
that are specific to the application domain, making them con-
figurable and personalizable to individual requirements. The 
mashup layer wires widgets together to support an activity or a 
process. Wiring is the process of linking the input and output of 
different widgets (Hoyer et al., 2008).

Grabot et al. (2014) propose a step-by-step method for 
improving or redefining processes using web 2.0 tools: (1) choose 
main target for (process) improvement, (2) list the stakeholders 
involved, (3) model the process “as-is”, (4) choose web 2.0 tool, 
(5) model the process “to-be” using the tool, and (6) analyse the 
result. The authors tested their method in two case studies. We 
will use their method in the rest of the paper, because mashuping 
is an example of a web 2.0 technique.

3.  Method
Our research goal is to investigate whether and how mashups 
can improve ERP-based work processes. To pursue this goal, we 
have followed the design science research method (Nunamaker 
Jr and Chen 199031, Hevner et al. 2004)15. Design science research 

can be seen as an embodiment of three related cycles: a relevance 
cycle, a rigor cycle, and a design cycle (Hevner 2007). The latter is 
the heart of a design science project, in which the researcher iter-
ates between construction of the artifact, evaluation and feedback 
until a satisfactory design is achieved. Hevner and Chatterjee 
(2010) emphasize that there is a difference between conducting 
design science research and practicing routine design. The dif-
ference lies in the creation of knowledge and communication of 
the contribution. Design science research generates knowledge 
on how an artifact can be improved, how it is better than exist-
ing solutions, and how it can solve the addressed problem more 
efficiently (Hevner & Chatterjee, 2010)14.

3.1  Research Process
Our research process have followed Peffers et al. (2007):
Activity 1 – Problem identification and motivation: We have 
already explained our research goals and research questions. 
Activity 2 – Define the objectives for a solution: Our objective 
was to develop two mashups (artifacts) to improve two ERP-
based processes in our case organization, called FishFeed in this 
paper. We wanted to gain experience with mashuping in practical 
settings and gain insights from the users’ points of view. 
Activity 3 – Design and develop: Two mashups were developed: a 
presentation mashup (Orders By Location) and a process oriented 
mashup (New Customer Order). The mashups were developed 
iteratively until we considered them satisfactory, resulting in two 
iterations for Orders By Location and three for New Customer 
Order.
Activity 4 – Demonstrate: In the end, the mashups were pre-
sented and demonstrated for FishFeed. The presentation included 
information on the purpose behind the mashup, an overview of 
involved ERP systems and information about available function-
ality. 
Activity 5 – Evaluate: While the primary purpose of our research 
was to explore mashuping in a practical setting, we also wanted 
to gain insights from the users’ points of view. We therefore inter-
viewed the users about the mashups we developed. The interviews 
were structured according to the Technology Acceptance Model 
(TAM) (Davis 1993, Venkatesh and Davis 2000), which identifies 
user acceptance as a key in determining the success or failure of 
a IS system. TAM evaluates an IS’s functionality, usability and 
fit with the organization through user acceptance (Davis 1993)8. 
TAM has proven to be robust across settings, populations and 
technologies (Venkatesh, 2000; Venkatesh & Davis, 2000). 
Activity 6 – Communicate: The results of our research have been 
communicated in a report and in this paper.

3.2  Case Organization
Our case organization was the Norwegian customer order 
department, called OrderDept in this paper, of a multinational 
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company (FishFeed) in the fish-feed industry. The company has 
around 900 employees, but OrderDept was small, having four 
order consultants and a manager. In addition to receiving phone 
orders, FishFeed allows its customers to register orders online 
and by email. 

FishFeed uses the ERP system Infor M3, which FishFeed had 
recently upgraded (from version 5.2 to version 10.1) in 2012 and 
2013. The focus of the upgrade project was purely technical in 
the sense that no new functionality was introduced in the organi-
zation. The new version 10.1 of Inform M3 nevertheless offered 
new possibilities, among other things for mashup development, 
through a built-in tool called Mashup Designer and improved 
search possibilities through Infor Enterprise Search (IES). Mashup 
Designer offered the possibility to customize the organization’s 
ERP environment through mashup development. 

In the spring of 2013 the OrderDept took an initiative to 
look at the possibility of utilizing these new features to ease their 
work processes. In February 2013, a departmental meeting took 
place, where the first author was also present. One meeting topic 
was how they could take use of the new functionality available. 
Representatives from the IT department were invited to present 
possible new functionality, such as personalization of views, 
creation of mashups, and offering Google-like search within the 
ERP system. In the end, they decided they could use a mashup 
for showing a customer’s outstanding orders by delivery location. 

The purpose and functionality of OrdersByLocation, the 
presentation mashup, was thus already chosen when our work 
started. The purpose and functionality of NewCustomerOrder, 
the process oriented mashup, was chosen by us and FishFeed in 
cooperation: we conducted semi-structured interviews to iden-
tify processes that could benefit from a mashup, finding the need 
for a mashup that would simplify registration of new orders. The 
interviews were then used for describing the “as-is” process along 
with wishes for the “to-be” process. Both mashups were devel-
oped in the ERP environment of FishFeed. 

3.3  Data Collection
We used three qualitative data collection methods were used: 
observations, interviews and documents.

3.3.1  Observations
Observations were used before mashup development started, 
when the first author spent a week in one of the offices of the cus-
tomer order department (OrderDept) of FishFeed. The purpose 
was to get an understanding of the order handlers daily work 
practices.

3.3.2  Interviews
Interviews were used before development to identify process 
improvements and afterwards to gain insights about the mashups. 

Before design and development, we conducted two semi-struc-
tured interviews to identify cumbersome work processes within 
FishFeed. We used focus groups to gain an understanding of 
what each participant was thinking and to let them know what 
the others were thinking (Bryman, 2012)5. Because OrderDept 
was small and divided into two offices in different parts of the 
county, each interview had only two participants. 

After design and development, we did four semi-structured 
interviews to gain insights about our mashups. We again held 
two separate presentations and did two group interviews, with 
the department manager present at both presentations. Both 
mashups were made available for OrderDept. Interviews were 
conducted shortly after the presentation in an attempt to capture 
individual opinions about the new solutions. Other case-study 
techniques – such as interviews and observations – were also 
adapted for data collection and analysis, as case studies are 
particularly suited for dealing with knowledge captured from 
practitioners and in areas with little priori knowledge (Benbasat 
et al. 3. 

Both rounds of interviews followed an interview guide we 
had developed. The purpose of the guide was to ensure that all 
desired topics or issues were addressed during the interview. The 
interview guides are available in parts A and B of the Electronic 
Appendix to this paper ((the final version will have an URL 
here)). The interviews were organised according to TAMs thee 
main variables: perceived ease of use, perceived usefulness and 
intention to use. A presentation of the artifacts were done before 
the interviews. The participants were the same as those who par-
ticipated in the initial interview round. All six interviews were 
recorded and transcribed, producing 1461 lines and 52 pages of 
text.

3.3.3  Documents
Documents were used along with interviews prior to develop-
ment to identify process improvements by collecting written 
work instructions and educational materials from FishFeed. In 
total, we collected 1240 lines and 72 pages of text.

4.  Mashup Development

4.1  Development Tools
Mashup Designer (Figure 1) was used to develop both mash-
ups. It is a built-in tool that enables end users and developers 
to create mashups directly in the ERP environment. Mashup 
Designer allows easy creation of mashups through a drag-and-
drop interface without modifying systems code. Both preview 
and deployment of the mashup become instantly available. “With 
mashups a [Infor] user can essentially turn an ERP system into a 
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pile of Lego bricks that may be used to build new structures” (Infor, 
2014b, p. 1).

When creating a mashup, all the included components are 
positioned relative to each other in a grid. The main components 
for showing information retrieved from the ERP system are 
•	 Detail Panel that shows an individual record;
•	 List Panel that shows a list of records returned as search 

results;
•	 MI Panel that shows a panel for a transaction executed 

through an Infor M3 API call;
•	 MI List Panel that shows a list of records returned by an Infor 

M3 API call.

Hence, whereas DetailPanel and ListPanel offer generic easy-
to-use ways of viewing ERP data,  MIPanels and MIListPanels let 
a mashup communicate with the ERP system’s database or exter-
nal sources using APIs, in order to fetch, add, update and delete 
data in user-specific ways. Standard components like buttons, 
textboxes, combo boxes, and splitters etc. are also available using 
the drag-and-drop interface. 

Advanced users can also create and edit mashups using 
eXtensible Application Markup Language (XAML). XAML is an 
XML-based markup language from Microsoft that allows devel-
opers to add more features to their mashup. The XAML code can 

be edited directly in Mashup Designer, next to the drag-and drop 
panels. Infor provides its customers with access to the software 
development kit (SDK), although this possibility was not used 
by FishFeed. 

4.2  Development Process
Both mashups were developed in the ERP environment of 
FishFeed, where the first author had previous experience as a 
consultant. We organised the development process according 
to the six activities that we have already described (Peffers et al. 
2007)33. For both mashups, activities 2-5 were iterated, two times 
for OrdersByLocation and three times for NewCustomerOrder. 
Each iteration interleaved these four activities with the method 
proposed by Grabot et al. (2014) for introducing web 2.0 tools to 
business processes, which we also described earlier.

We proceed to present one of the mashups, OrdersByLocation, 
in fuller detail. Due to limited space, the other mashup, 
NewCustomerOrder, is described in the Electronic Appendix 
((the final version will have an URL here)) associated with this 
paper. In agreement with FishFeed, information about custom-
ers, products and sales prices has been obscured, along with all 
screenshots of the mashups we show, because they use real data 
from the organizations’ ERP system.

Figure 1.  Screenshot of Mashup Designer.
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4.3 � Development of the OrdersByLocation-
mashup 

4.3.1  APIs in use
This mashup used two transactions offered by one of the APIs 
offers by Infor M3 (called CRS610MI): 

4.3.2  GetAddress
This transaction retrieves customer address data from the ERP 
system. Its input parameters are customer number, address type, 
address number. Its output parameters are: company, division, 
customer number, customer name, address type, address number, 
customer address 1, customer address 2, customer address 3, cus-
tomer address 4, postal code, via address, EAN location code, area /
state, run, departure, delivery method, term of delivery, terms text, 
telephone number, facsimile number, your reference, user, address, 
valid media, country, VAT registration number, place-replaced by 
EDE2, route, route departure, unloading zone, marketing id in 
movex SMS, geographic code, tax code, harbor or airport, place, 
city.

4.3.3  ChgAddress
This transaction is used to modify customer address data. 
Required input parameters are customer number, address type, 
customer address, country.

4.3.4  First Iteration
Step 1 - Problem identification and motivation: OrderDept had 
already concluded that IT should assist in the development of 
a mashup. The primary purpose was to aid the staff in getting 
the whole picture when a customer calls. The mashup should 
list all orders specified by the customers’ delivery addresses, fix-
ing a hole in the original process that does not allow sorting per 
delivery address (only per customer). A secondary purpose was 

Table 1.  “As-is” and “to-be” scenarios for the Orders By Location mashup

«As-is» process:
The process includes two main stakeholders: the customer and the order consultant (or user). When a customer contacts the order office 
by phone or email, he may ask for information about his orders, for example an overview of all outstanding orders (orders that are yet to 
be delivered) or specifics about a particular order he received yesterday. The customer provides the necessary information to the staff at 
the order office including information about the name of his company. The order consultant then looks up the customer number in the 
customer registry and opens a program holding information about all order lines. A search is performed using the customer number as 
input. If the status of the order is known, e.g., not delivered or invoiced, status is given as input to the search query. The program returns 
a list of all the order lines for that specific customer, which the order consultant has to go through to locate the correct order.
Problem/opportunity:
The list of orders can be very long in cases where customers have many delivery addresses ordering items continually.
«To-be» process:
The improved process allows the user to search for order lines per delivery address, limiting the search results. The improved process is as 
follows: select the customer, select the delivery address, sort by status and report back to the customer.

to introduce the organization to mashuping as it would hopefully 
show that mashups could improve current businesses by amelio-
rating problems with the existing ERP system. 
Step 2 - Define the objectives for a solution: The objective was to 
develop a mashup that aids the order staff when a customer calls 
to ask for a status on his or her orders. As FishFeed also focusses 
on getting the customers to place orders online, the mashup 
should offer a quick way of showing whether or not the customer 
has been using the online solution. Table 1 describes the “as-is” 
and “to-be” processes for OrdersByLocation.
Step 3 - Design and develop: The mashup is built from three 
main components, as shown in Figure 2. When the mashup is 
started MICustomerList (a MIListPanel widget) lists all the cus-
tomers in the customer registry by customer number and name. 
A MIListPanel was used rather than a generic ListPanel because 
we wanted more control over which fields to show for each cus-
tomer, by using the GetAddress operation from the CRS610MI 
API. 

The user must then locate the correct customer from 
the MICustomerList. A search option is implemented tak-
ing the customer number as input, displaying the results in 
the MICustomerList. When a customer has been selected, the 
AddressList (a ListPanel widget) is populated, showing all avail-
able delivery addresses. When a delivery address for the customer 
has been chosen, two things happen:
•	 The AddressDetailList (a DetailPanel widget) shows infor-

mation about the customer address, i.e., name, address, 
zip code and country. It uses the two API transactions 
GetAddress and ChgAddress that we have described already.

•	 The list panels within the TabControl widget are populated 
with order lines. In Figure 2, ListORSL33 (another ListPanel 
widget) is shown, but not yet populated with data (it will 
later show the status of all orderlines where the product has 
been ordred and forwarded to production for picking).The 
purpose behind the various ListPanels in the TabControl 
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is to sort order lines in different ways. The user opens the 
appropriate tab to minimize the order lines in the list, e.g., if 
he or she is looking for all orders that are not yet delivered to 
the customer “Orderstatus [0 TO 33]” (ListORSL33) would 
be a good place to start. (OrderType=NW1 indicates orders 
placed by a customer using the online service.)

Step 4 – Demonstrate: The mashup was implemented in 
FishFeed’s ERP environment for the order staff to test. A small 
presentation was held to explain functionality. 
Step 5 – Evaluate: The order staff requested the ability to search 
by customer number or name to locate a customer, to update 
address details, and to improve the sorting tabs.

4.3.5  Second Iteration 
Step 1 - Problem identification and motivation: The feedback 
provided during our first evaluation identified the problems for 
and thus motivated the second iteration. Possible search terms 

should include customer names to enhance usability, eliminating 
the need to open the customer registry to identify the customer’s 
number in advance. Also, both the content and the order of the 
tabs should be altered, creating a clearer and more logical sorting. 
Step 2 - Define the objectives for a solution: The objectives this 
time were to redesign the search function to handle searches 
using customer names in addition to numbers. Also, the tabs 
were to be arranged in a more logical order.
Step 3 - Design and develop: The search function was rede-
signed to leverage the new search service built into Infor M3: 
Infor Enterprise Search (IES). This service had already been used 
to populate the list panels in the tab control with order lines 
based on status or order type (see the XAML code in Figure 
3, in which TargetEventName=“Search” calls on IES when 
TargetName=“ListCustomers” is clicked).

The MIListPanel widget used for the MICustomerList was 
replaced by a regular ListPanel widget, which was initialized to 
list only active Norwegian customers (identified by customer 

Figure 2.  First iteration - Orders by Location.

Figure 3.  Search for customer (XAML code).
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numbers between 300000 and 399999) who are allows to order 
feed (identified by status code 20). The MIPanel let us custom-
ize the list to show only information about the customer number 
and name, whereas the regular ListPanel would have shown all 
the fields stored in the ERP system, such as information on cus-
tomer number, customer type, name, phone number and status. 

The DetailPanel widget behind the AddressDetailList was 
replaced with a MIPanel widget to allow the user to change 
information about the delivery address. We created five new tabs 
(Figure 4): 

•	 “Order status [0 TO 33]” to list all order lines that are 
registered into the system but not forwarded to produc-
tion for picking.

•	 “Order status [44 TO 69]” to list all order lines that are 
ready for picking, on their way to the customer, or deliv-
ered but not invoiced.

•	 “Order status [77 TO 79] last 3 months” to list all invoiced 
order lines for the last three months.

•	 “Order status [77 TO 79] last year” to list all invoiced 
order lines for the last year.

•	 “Internet orders [Order type=NW1]” to lists all order 
lines from orders placed online.

A menu was also included in the top right corner to provide 
shortcuts to the customer registry and new order registration
Step 4 – Demonstrate: Two presentations were held for mem-
bers of OrderDept. The manager sat in on both presentations. 
The functionality and thoughts behind the solution was exam-
ined. The participants were allowed to comment on functionality 
and bring forward their initial reaction. The revised mashup was 
deployed in FishFeeds ERP environment.
Step 5 – Evaluate: This time, the order staff ’s main concern about 
functionality was that the mashup did not sort the order lines 
based on shipping date. The lack of sorting was due to a con-
firmed bug in FishFeed’s version of Mashup Designer, scheduled 
to be fixed in the next version. The insights gained in this step 
will be discussed in the next section.

5.  Discussion
This section will reflect on our development work and on the 
Mashup Designer tool, before we review the insights gained 
from the users, and interpret and position our findings relative 
to other work.

5.1 � Development Challenges and Mashup 
Designer as a Development Tool

From the start, Mashup Designer appeared as a simple and effec-
tive development tool for creating mashups. It was easy to create 
a mashup by drag and drop of ERP widgets and to enable users 
to view information in new ways. The graphical drag-and-drop 
development interface was useful because it allowed develop-
ment with minimal programming skills. The embedded XAML 
editor nevertheless turned out to be one of the strengths of 
Mashup Designer. A graphical interface makes development easy 
for users with no or only limited programming skills, whereas 
the more advanced and demanding users are able to leverage the 
full power of Mashup Designer using XAML and scripts. 

OrdersByLocation was primarily developed using drag and 
drop. NewCustomerOrder was more complex, as data were 
entered into the ERP system’s underlying database. This requires 
that the correct data is passed to the database in the correct for-
mat. At the same time the interface needs to be simple for the 
user. For example, while the API require the date to be in the 
format YYYYMMDD, the users might find it more favorable to 
be presented with a calendar where they can pick the date. The 
API transactions are added using drag and drop, but are edited 
using XAML. The changes done using XAML and the problems 
encountered with using the APIs took up a lot of the time dur-
ing the development phase. Implementing functions that were 
not included in the graphical interface or working with API 
transactions turned out to be more difficult than using the drag-
and-drop interface, so that creating user friendly mashup turned 
out to be time consuming work, such as displaying sufficient 
information to the users. 

We thus encountered challenges in combing the two devel-
opment approaches: the graphical drag-and-drop approach 
and XAML scripting. While the approaches worked fine when 
used separately, changes made using drag and drop seemed 
to overwrite changes done directly in the XAML code for the 
same widget. E.g. if a field was added or removed from a detail 
panel so that the panel needed to be regenerated, the panel was 
stripped for all changes that had been added using XAML. As a 
result it was easy to end up writing the XAML code for function 
that might have been added twice as quickly using the graphi-
cal approach. However, it would have been better if the graphical 
interface required less detailed knowledge about the fields and 
tables in the underlying database. 

Figure 4.  Tabs for sorting order lines.
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A big issue during development concerned API documenta-
tion. A Infor M3 tool called MITest was used to test the APIs 
in advance. The tool provides an overview of all the available 
input and output field as well as which fields/input is mandatory. 
During development of OrdersByLocation, we discovered that 
the documentation of mandatory fields was incorrect. 

Bugs in the system were the main challenge in the develop-
ment of OrdersByLocation. Two bugs were discovered. The first 
prevented the list panels from displaying the chosen view. This 
bug was reported to the vendor in November2014 and a fix was 
received in March 2014. The second bug affected the same list 
as it prevented sorting of rows (order lines). This bug was also 
reported in January 2014, but no fix was available for the Mashup 
Designer version that is installed at FishFeed. 

Finally lack of experience with the tool and XAML proved 
to be a challenge during development. This became a problem 
mainly because there is very little documentation available writ-
ten or online. The first author attended two courses on Mashup 
Designer (introduction and advanced) provided by the vendor, 
in addition to a meeting in the Norwegian M3 user group. Some 
useful blogs were also located online. As a result of the small 
amount of documentation there was some communication with 
a consultant during the development phase. A consultant pro-
vided some general tips and tricks, but was not directly involved 
in the development of the two mashups. 

5.2  Insights Gained from the Users
The two mashups – both the OrdersByLocation mashup pre-
sented in the previous section and the NewCustomerOrder 
mashup described in the Electronic Appendix ((the final version 
will have an URL here)) – were also used in practice by employees 
in FishFeed. We first held two presentations, one in each order 
office (using video conference in the most remote office), where 
both mashups were presented. Afterwards, we conducted four 
individual interviews with the employees working in each office, 
all of them working in OrderDept with order registration and 
processing. The interviews were organised according to TAM’s 
perceived ease of use, perceived usefulness and intention to use. 

The general response was that the two mashups appeared 
to improve the corresponding ERP work processes and that the 
participants liked them both, despite certain concerns – mainly 
about functionality. Applying an iterative development process 
to the mashup development proved to be a strategic approach. As 
the users were unsure of both the term and the potential usage, 
looking at the mashups as they were developed helped them to 
come up with ideas, wishes and requirements. 

5.2.1  Perceived Usefulness 
Nevertheless, there was some discussion regarding function-
ality both during the presentations and in the interviews. 

The participants suggested that some additional functional-
ity would make the mashups more user-friendly. In the end, 
there are two alternatives for eliminating the concerns about 
functionality: training and experience or implementation of 
additional functionality. The functionality discussion is mainly 
applicable for NewCustomerOrder, as the function missing in 
OrdersByLocation is due to a bug in the system that is fixed in 
a new release.

The participants agreed in general that the two mashups were 
useful. For example, the order consultants might now be able to 
complete the process while talking to the customer on the phone. 
OrdersByLocation improved the efficiency of order handling by 
providing search/sort functionality. 
NewCustomerOrder improved the registration process by 
eliminating noise. But there were also some concerns about 
job relevance and output quality. After the second iteration, the 
participants were concerned whether the mashup was useful 
because it was not possible to change the shipping cost or show 
sales prices and fees. A third iteration therefore implemented a 
button that updated the order line list with sales prices after the 
order was confirmed. Ideally the sales prices should have been 
visible as soon as a line was added to an order, but the pricelists 
are not available for the API list transaction before the order 
is confirmed. The problem of shipping costs and fees were not 
addressed in the third iteration. Using the business logic, the 
ERP system handles this automatically when an order is placed 
(provided that the system has all the necessary data available). 
Although the final mashup provided sufficient functions to reg-
ister an order, the order consultants argued that it should also be 
possible to edit the information. 

Both mashups were found useful in the sense that they 
seemed to increase the department’s understanding of mashup 
technology and its potential. When the idea of mashuping and 
the Mashup Designer tool was first introduced to the employees, 
they had great difficulties seeing how the technology could be 
exploited. After a year of talking about mashups and seeing the 
technology in use the situation has changed. During the inter-
views some new ideas were proposed. For example, when seeing 
the order registration mashup in action, one of the employees 
realized that the same mashup layout could be used to create a 
mashup for confirming internet orders: when receiving online 
orders, an employee at OrderDept has to go through the order 
and confirm it before it is sent to the production planer. The steps 
are more or less the same as for registering a new order, except 
that the data are already registered and just needs validation. 

5.2.2 Perceived ease of use 
Both mashups were perceived as easy to use. They were clear and 
understandable in the sense that none of the participants had any 
problems understanding how they worked or how to use them.  
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Neither mashup was perceived as overcrowded with information 
as the lists and panels were filled out only when they required 
attention. One of the participants said “You simply move your eyes 
from one view to another”. 
OrdersByLocation was considered easy to use. It customized the 
original process by allowing the users to search per location. The 
biggest concern was the lack of sorting of order lines, which were 
sorted by status into different tabs, but which were not sorted 
within each tab. Unfortunately, the only way to fix this would 
be an upgrade, which was not an alternative for FishFeed at the 
moment.
NewCustomerOrder was appreciated for gathering all the infor-
mation and input fields are into a single view/screen, building on 
reuse and combination of data. The participants liked that all the 
relevant data/input fields were presented in the same view. The 
single view had a positive impact on the users, as they believed 
that it was easier to get a full overview and there register an order, 
when everything was mashed together. 

Customization of the order registration process was done by 
consolidating four API transactions: add order head, add order 
line, add batch text and confirm. Although this new registration 
form provided a simplified registration process, it also posed a 
challenge due to the combination of transactions. The use of dif-
ferent API transactions caused a save action for the order head, 
order lines and text. As one of the participants pointed out, this 
was not a familiar action for them. As the order line and order 
text registration relied on a temporary order number provided 
as output by the order head API, it was crucial to save the order 
head information. If the order head was not saved this would lead 
to errors during the registration process. The same applied for 
the lines and text. If the save button was forgotten, the line or text 
would not be added to the database. 

We developed and implemented NewCustomerOrder to 
improve registration of customer orders. The current ERP system 
handles it through the same interface that the order consultants 
use for updating and removing orders and for crediting. The 
mashup only takes a segment of this functionality, namely the 
registration process, and tries to improve it by presenting a regis-
tration form fitted to the organization’s needs. It is important that 
the users understand the boundaries of each mashup to find it 
easy to use. It is vital that the order consultants understand which 
orders that can be registered using the mashup, and which that 
still needs to be entered using the ERP system. 

Although both mashups were thus perceived positively, there 
were some discussions regarding functionality both during the 
presentations and in the interviews. For the OrdersByLocation 
mashup, the missing functionality was due to a bug in the system 
that was fixed in a later release. 

For the NewCustomerOrder mashup, no update or delete 
transactions were yet implemented. If a user entered the wrong 

delivery date or quantity it was not possible to correct it in the 
mashup, forcing the user to open the original ERP system. This 
process was a bit clumsy. Another obstacle was the combo boxes. 
It proved difficult to create a mashup basing the design on the 
use of combo boxes, as they limited the possibility for presenting 
sufficient information to the user. For example, listing delivery 
methods in a combo box resulted in a list showing the code “M8J” 
for the different options, rather than the name “M/S Olympic”. In 
the example, the delivery method is a boat. For this reason the 
initial form design for the first iteration was abandoned in the 
creation of NewCustomerOrder.

In sum, perceived ease of use is best illustrated in the words 
of OrderDept’s manager “it is almost like I can begin to register 
orders”. The statement is a good example of how the process has 
been simplified. To draw advantages from mashup customiza-
tion, like offering new functions and increasing the efficiency of 
employees, it is however crucial that the users find the mashup 
easy to use.

5.2.3 Intention to use 
In TAM, perceived ease of use and perceived usefulness are 
together considered to determine one’s behavior towards using a 
system again in the future (Venkatesh, 2000)37,39. Collecting data 
about intention to use was therefore not a priority during data 
collection. We nevertheless posed one question about future use: 
whether the participants would use the mashups the next time 
they had the corresponding tasks at hand. All of the participants 
expressed willingness to use the mashups again. 

One of the strengths of OrdersByLocation comes from Infor 
Enterprise Search (IES), which is another built-in tool from Infor 
that allows for Google-like searches in M3 data (Infor, 2014a)22. 
The process of fetching, listing and sorting order lines in the 
mashup is dependent on IES search queries. Although IES does 
all the hard work, the power lies in the combination with mash-
ups. 

However, NewCustomerOrder received some criticism for 
lack of functionality as already mentioned in the discussion of 
perceived ease of use. One of the participants stated that “it is 
always the easier solution that will be used”, and if a mashup does 
not fulfill all their requirements, the old way might be the easiest. 
OrderDept consist of four highly experienced order consultants 
who all have worked for the company between six and eighteen 
years. This long experience may play a role in how they perceive 
the mashups – especially NewCustomerOrder, which supports 
a task the perform several times every day and which has not 
changed significantly for the last fifteen years. ERP is a slow 
changing technology with a fifteen years long average life cycle. 
Screenshots of the ERP interface for registering orders from 
1999 and 2014 shows that only the screen colors had changed. 
Nevertheless, this particular task was chosen by the consultants, 
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and they agreed that it was time to make changes to ease registra-
tion of orders. 

Alongside the presentation of a third version of TAM, 
Venkatesh and Bala (2008) suggest a set of interventions 
intended to enhance user acceptance by affecting perceived ease 
of use and perceived usefulness. Interventions are split into two 
categories: pre-implementation and post-implementation. Pre-
implementation interventions include design characteristics, 
user partition, management support, and incentive alignment 
(Venkatesh & Bala, 2008)38. These interventions aims at minimiz-
ing initial resistance to a new system and to provide a realistic 
preview of the system allow users to create an accurate percep-
tion regarding functionality and usefulness. 

5.3 � Meaning of Findings and Relation to other 
Research

ERP customization is a complex topic. While customiza-
tion potentially brings great benefits, there are many dangers. 
Mashuping has the potential to present a change in how ERP 
systems are customized, and we are already starting to see ven-
dors including mashup tools as part of their ERP solutions. 
Using mashuping, it is possible to develop views/screens that pull 
together information from multiple sources. 

In addition to the possibility for quick and simple develop-
ment processes, the main advantage of mashups in the area of 
ERP customization lies in its low impact on future upgrade ini-
tiatives. Mashups operates mainly on the communication layer in 
the ERP architecture. Any communication with the database layer 
is performed using APIs. This provides mashups with an advan-
tage. As mashups have no effect on the system code, upgrades 
can be carried out without paying much attention to the organi-
zations mashups. Nevertheless, it is important to remember that 
mashups may need to be rewritten whenever an upgrade changes 
any of the connecting APIs. 

6.  Conclusion

6.1  Summary
We have investigated whether and how mashup technology can 
be used to improve ERP-based processes. Hopefully, our study 
contributes to ERP customization and enterprise mashups. For 
example, it shows one way to build mashups and suggests how 
practitioners can use mashup technology in their ERP systems.

The “NO – OrdersByLocation” mashup allowed FishFeed to 
add functionality that was missing from the original ERP-search 
process. IES was used to facilitate search functionality that sorted 
order lines per location. As a results orders can now be found 
with less scrolling up and down looking for the correct line, 
which hopefully saves the order consultants some time. 

The NewCustomerOrder mashup let FishFeed simplify and 
fit the ERP system’s customer order registration process to its 
unique organizational needs. The result was a single-screen reg-
istration process that gathered all the necessary information and 
input fields. 

The participants reported that the two mashup were easy to 
use, clear and understandable. They appreciated having a cus-
tomer order registration process where all the data could be 
entered into a single form on the screen. OrdersByLocation was 
perceived useful for searching for a customer order line and for 
determining whether a customer uses the available online order 
registration service. 

The participants were more skeptical to NewCustomerOrder, 
although they thought it would be quicker than the original pro-
cess. Their main concern was functionality. Both mashups were 
equipped with sufficient functions to perform the corresponding 
task. However, the experienced user group were used to addi-
tional functionality and wished for an update transaction to be 
included into the mashup for registering customer orders. 

All participants were positive about using the mashups again. 
The mashups had potential to improve the tasks of registering 
orders and searching for order lines. The consultants said the new 
mashups would allow them to finish the tasks while talking to the 
customer on the phone. The findings suggest that FishFeed, the 
department manager and her employees seemed positive towards 
using mashup technology as a tool for process improvement. At 
the end of the study, the participating employees all saw potential 
for new mashups that would improve existing work processes. 

6.2  Research Method
As is usual in design science research (Hevner 2007)13, the mash-
ups were developed iteratively, where each iteration was made 
up by five main steps: Problem identification and motivation, 
define the objectives for a solution, design and develop, demon-
strate, and evaluate. If the result of an iteration was deficient, we 
collected feedback from employees of FishFeed to identify and 
investigate the problems and used them as objectives for a new 
iteration. 

Because mashup technology was new to the organization and 
the employees, making it hard for them to see its full potential, 
focus group interviews turned out to be a good choice of data 
collection method, although we would have liked more partici-
pants.

TAM served as a suitable instrument for gaining insights 
about the mashups, inviting the participants to share their 
thoughts about perceived ease of use, perceived usefulness and 
their intention to use the artifacts. It would have been interesting 
to be able to spend more time with the participants, investigating 
how their perceptions of usefulness and ease of use changed over 
time. Furthermore, it would be interesting to collect quantitative 
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measures on task performance using the mashups and compare 
them with the original ERP-based tasks. 

6.3  Further Work
The findings from our study of two mashups are of course hard 
to generalize. Further case studies are called for, in larger depart-
ments with more participants and time for more thorough 
interviews. We would also like to see further work on:
•	 Quantitative measures: we would like to measure how our 

mashups improve work processes. It would be interesting to 
see if the mashups reduce task times. Each year, FishFeed 
registers more than 5000 customer orders in their ERP sys-
tem. Saving 30 seconds on each registration would free up 
more than six working days per year. 

•	 Generalization; we need to study mashup-based customiza-
tion in different departments, organizations and industries 
in order to generalize our findings.

•	 Different stakeholders: we would like to study how different 
types of users and other stakeholders groups react to mash-
ups for ERP customization, e.g., how a user with a technical 
background differs from a less technical one, or how a new 
employee differs from an experienced one.

•	 User mashuping: we would like to let key users develop 
mashups themselves – or let them lead mashup development 
assisted by mashup specialists.
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